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(54) Ink-jet printing apparatus and ink cartridge 

(57) An ink cartridge (2) for a printing apparatus 
providing ink to a print head (102) through a tapered ink 
supply needle (104) and removably attached to the print 
head (102). The ink cartridge (2) comprises an ink 
chamber (4) for containing ink, an ink supply port (6), a 
packing member (8) and a valve device (10, 12, 64, 70 
and 80). The ink supply port (6) supplies ink from the ink 
chamber (4) to the print head (102) of the printing appa- 
ratus, the ink supply port (6) comprising an external 
opening (14). The packing member (8) is provided in the 
ink supply port (6) and forms an ink channel for allowing 
a flow of ink. The packing member (8) seals the ink sup- 
ply needle (104) of the printing apparatus by fitting 
therewith. The valve device (10, 12, 64, 70 and 80) is 
contained in the ink supply port (6) and elastically abuts 
against the packing member (8). The valve device (10. 
12, 64, 70 and 80) selectively opens and closes the ink 
channel in conjunction with the ink supply needle (104). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001] The present invention relates to a printing 
apparatus for ejecting ink on a printing medium from a 
print head supplied with ink through a tapered ink sup- 
ply needle, and more particularly to an ink cartridge and w 
an ink supply system removably attached to the printing 
apparatus. 

2. Description of the Related Art 

15 

[0002] Typically, an ink cartridge having a supply 
port for providing ink is connected to a print head of a 
printing apparatus for ejecting ink on a printing medium 
from nozzle aperture of the print head. The printing 
apparatus has a hollow ink supply needle in the ink sup- 20 
ply channel to supply ink to the print head. When the ink 
cartridge is mounted on the printing apparatus, the hol- 
low ink supply needle is inserted into the ink supply port 
of the ink cartridge so that ink is introduced to the print 
head. 25 
[0003] When the ink cartridge includes a porous 
member within its ink chamber for absorbing ink, the ink 
chamber is depressurized by the porous member. 
Therefore, the ink cartridge needs to be sealed not to 
suck undesired air or bubbles in the ink chamber. 30 
[0004] Fig. 27 is a cross sectional view of an exam- 
ple of an ink cartridge and an ink supply channel. The 
ink cartridge 1 1 2 has an ink supply port 1 1 4 and a pack- 
ing member 120 contained in the ink supply port 114 
and fitting with an ink supply needle 118 which is con- 35 
nected to a print head 1 16. The ink supply port 1 14 is 
sealed with a sealing film, not shown in the drawings, 
prior to use. When the ink supply needle 1 18 is inserted 
in the ink supply port 114 and fitted in the packing mem- 
ber 120, the ink supply needle 218 penetrates the seal- 40 
ing film. Ink is then provided to the print head 1 1 6 via the 
ink supply needle 1 18. The ink cartridge 1 12 is sealed 
by fitting the ink supply needle 118 with the packing 
member 120. 

[0005] When the ink cartridge 1 1 2 is removed from 45 
the printing apparatus with ink left therein, the sealing of 
the ink supply needle 118 with the packing member 120 
is released. The result is that ink leaks from the ink sup- 
ply port 1 14 or air or bubble enters the ink supply port 
114. It means that a user of the ink cartridge cannot so 
remove the ink cartridge until ink in the ink cartridge is 
completely used up. The user cannot repeatedly 
exchange a plurality of ink cartridges with his choice 
while ink is still remained in the ink cartridge. 
[0006] There has been provided an ink cartridge as 55 
disclosed, for example, in US patent No. 5,777,646, 
having an elastic slit wall formed at an opening of an ink 
supply port and a ball slidably received in the ink supply 



port which is always urged against the elastic slit wall by 
a spring. 

[0007] An ink supply channel of the conventional 
ink cartridge described above is opened by urging the 
ball with a hollow ink supply needle of the printing appa- 
ratus when the ink cartridge is mounted on the appara- 
tus. The ink supply channel of the ink cartridge is closed 
when the hollow ink supply needle is removed from 
elastic slit wall because of the elastic force of the spring 
which always urges the ball against the elastic slit wall 
of the ink supply port. Therefore, ink does not leak from 
the ink supply port and air or bubble does not enter the 
ink supply port. 

[0008] The conventional ink cartridge, however, has 
a drawback that the structure of the ink supply port is 
complicated as shown in Fig. 27. Therefore, the worka- 
bility of the ink cartridge is deteriorated, and the manu- 
facturing cost would rise up. 

[0009] Fig. 28 shows another example of a conven- 
tional ink cartridge disclosed in Japanese patent appli- 
cation No. 5-229137 employing a packing member, or a 
rubber member disposed in the ink supply port and a 
ball which is urged against the packing member by a 
spring. Ink is supplied from an ink chamber to a print 
head via a cylindrical connecting means. The ball is 
urged by the cylindrical connecting means to move 
away from the packing member against the elastic force 
of the spring. 

[0010] The ink cartridge illustrated in Fig. 28 has a 
packing member 134 disposed in the ink supply port 
1 32 and a ball 1 36 abutting against the packing member 
1 34 by means of an elastic force of a spring 1 38. 
[0011] In the conventional ink cartridge shown in 
Fig. 28, the packing member 134 serves as a valve seat 
sealing the ink supply port 132 with the connecting 
means, and the ball 1 36 serves as a valve body closing 
the ink supply port 132 in cooperation with the packing 
member 134. However, the relative position between 
the ball 136 and the spring 138 is unstable. This may 
cause an undesirable insufficient sealing by the ball 1 36 
with the packing member 134. Furthermore, the con- 
necting means needs to have a large contact area to 
sufficiently urge the ball 136 against the elastic force of 
the spring. Therefore, the connecting means does not 
easily inserted in the packing member 134. Further- 
more, because the ball 136 is always urged toward the 
packing member 134 by the spring, the through hole of 
the packing member 134 may be expanded. This is dis- 
advantageous because it may cause an insufficient con- 
nection between the ball 136 and the packing member 
134. 

SUMMARY OF THE INVENTION 

[0012] The present invention was made in view of 
the foregoing problems or drawbacks accompanying the 
conventional sealing structure of the conventional ink 
cartridge. Therefore, it is an object of the present inven- 
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tion to provide an ink cartridge and an ink supply system 
for an ink jet type printing apparatus capable of closing 
an ink supply channel assuredly, sufficiently when it is 
not mounted on the printing apparatus and capable of 
opening the ink supply channel to allow ink to smoothly 5 
flow to a print head when it is mounted on the printing 
apparatus. 

[0013] Another object of the present invention is to 
provide an ink-jet type printing apparatus employing 
such ink cartridge. J 0 
[0014] The above other objects can be achieved by 
combinations of the features recited in independent 
claims of the present application. Dependent claims 
define further advantages and exemplary combinations 
of the present invention. 15 
[0015] In order to solve the above-stated problems 
and drawbacks accompanying the conventional ink car- 
tridges, the present invention provides an ink cartridge 
for a printing apparatus providing ink to a print head 
through a tapered ink supply needle and removably 20 
attached to the print head, including: an ink chamber for 
containing ink; an ink supply port for supplying ink from 
the ink chamber to the print head of the printing appara- 
tus, the ink supply port including an external opening; a 
packing member provided in the ink supply port, forming 25 
an ink channel for allowing a flow of ink, the packing 
member sealing the ink supply needle of the printing 
apparatus by fitting therewith; and a valve device con- 
tained in the ink supply port elastically abutting against 
the packing member, the valve device selectively open- 30 
ing and closing the ink channel in conjunction with the 
ink supply needle. 

[001 6] In order to solve the above-stated problems 
and drawbacks accompanying the conventional ink car- 
tridges, the present invention further provides an ink 35 
cartridge for a printing apparatus providing ink to a print 
head through an ink supply needle and removably 
attached to the print head, including: an ink chamber for 
containing ink; an ink supply port for supplying ink from 
the ink chamber to the print head of the printing appara- 40 
tus, the ink supply port including an external opening; a 
packing member provided in the ink supply port, forming 
an ink channel for allowing a flow of ink, the packing 
member sealing the ink supply needle of the printing 
apparatus by fitting therewith; and a valve device con- 45 
tained in the ink supply port elastically abutting against 
the packing member, the valve device selectively open- 
ing and closing the ink channel in conjunction with the 
ink supply needle, the valve device being urged by the 
ink supply needle of the printing apparatus to open the so 
ink channel at a same time when the ink supply needle 
is sealed by the packing member. 
[001 7] The valve device may come to close the ink 
channel of the packing member before the ink supply 
needle of the printing apparatus is completely detached ss 
from the packing member. 

[0018] In order to solve the above-stated problems 
and drawbacks accompanying the conventional ink car- 



tridges, the present invention further provides an ink 
cartridge for a printing apparatus providing ink to a print 
head through an ink supply needle and removably 
attached to the print head, including: an ink chamber for 
containing ink; a porous member accommodated in the 
ink chamber for absorbing ink; an ink supply port for 
supplying ink from the ink chamber to the print head of 
the printing apparatus, the ink supply port including an 
external opening; a packing member provided in the ink 
supply port, forming an ink channel for allowing a flow of 
ink, the packing member sealing the ink supply needle 
of the printing apparatus by fitting therewith; and a valve 
device contained in the ink supply port elastically abut- 
ting against the packing member, the valve device 
selectively opening and closing the ink channel in con- 
junction with the ink supply needle. 
[0019] In order to solve the above-stated problems 
and drawbacks accompanying the conventional ink car- 
tridges, the present invention further provides an ink 
cartridge for a printing apparatus providing ink to a print 
head through an ink supply needle and removably 
attached to the print head, including: an ink chamber for 
containing ink; an ink supply port for supplying ink from 
the ink chamber to the print head of the printing appara- 
tus, the ink supply port including an external opening; a 
packing member provided in the ink supply port, forming 
an ink channel for allowing a flow of ink, the packing 
member sealing the ink supply needle of the printing 
apparatus by fitting therewith, the packing member 
including a hole and a protruding rim surrounding the 
hole; and a valve device contained in the ink supply port 
elastically abutting against the packing member, the 
valve device selectively opening and closing the ink 
channel in conjunction with the ink supply needle, the 
valve device including a substantially flat surface at 
least at a part with which the ink supply needle contacts. 
[0020] The packing member may include a first sur- 
face facing the ink chamber formed with a cylindrical 
recess having a diameter acceptable to receive a part of 
the valve device at the first surface. 
[0021 ] The hole of the packing member may have a 
diameter smaller than the diameter of the cylindrical 
recess at the first surface. 

[0022] In order to solve the above-stated problems 
and drawbacks accompanying the conventional ink car- 
tridges, the present invention further provides an ink 
cartridge for a printing apparatus providing ink to a print 
head through an ink supply needle and removably 
attached to the print head, including: an ink chamber for 
containing ink; an ink supply port for supplying ink from 
the ink chamber to the print head of the printing appara- 
tus, the ink supply port including an external opening; a 
packing member provided in the ink supply port, forming 
an ink channel for allowing a flow of ink, the packing 
member sealing the ink supply needle of the printing 
apparatus by fitting therewith; and a valve device con- 
tained in the ink supply port elastically abutting against 
the packing member, the valve device selectively open- 
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ing and closing the ink channel in conjunction with the 
ink supply needle, the valve device including a valve 
body contacting with the packing member and including 
a substantially flat surface with which the ink supply 
needle contacts. 

[0023] In order to solve the above-stated problems 
and drawbacks accompanying the conventional ink car- 
tridges, the present invention further provides an ink 
cartridge for a printing apparatus providing ink to a print 
head through an ink supply needle and removably 
attached to the print head, including: an ink chamber for 
containing ink; an ink supply port for supplying ink from 
the ink chamber to the print head of the printing appara- 
tus, the ink supply port including an external opening; a 
packing member provided in the ink supply port, forming 
an ink channel for allowing a flow of ink, the packing 
member sealing the ink supply needle of the printing 
apparatus by fitting therewith; and a valve device con- 
tained in the ink supply port elasticaliy abutting against 
the packing member, the valve device selectively open- 
ing and closing the ink channel in conjunction with the 
ink supply needle, the valve device including: a valve 
body contacting with the packing member and urged by 
the ink supply needle of the printing apparatus to open 
the ink channel when the ink cartridge is mounted on 
the printing apparatus; and a guide body for guiding the 
valve body to slide substantially vertically with respect 
to the packing member. 

[0024] The valve device may include: a valve mem- 
ber selectively contacting with a surface of the packing 
member, the valve member being forced by the ink sup- 
ply needle of the printing apparatus when the ink car- 
tridge is mounted on the printing apparatus; and an 
elastic member always urging the valve member toward 
the packing member. 

[0025] The valve member may include a support 
structure for supporting the elastic member. The sup- 
port structure may be radially shaped. The valve mem- 
ber may include a flange for supporting the elastic 
member. 

[0026] The packing member may also include a 
second surface facing the external opening with a 
tapered portion tapered from the external opening 
toward the ink chamber at the second surface, for guid- 
ing the ink supply needle of the printing apparatus. The 
tapered portion may fit with the ink supply needle. 
[0027] The packing member may include a second 
surface facing the external opening with a fitting portion 
to fit with the ink supply needle of the printing apparatus. 
[0028] The packing member may be made of an 
elastic material and provided with a lubricant coat at 
least at an area with which the ink supply needle con- 
tacts. 

[0029] The valve device may include a substantially 
flat surface with which the ink supply needle contacts. 
[0030] The valve body may include: a sealing por- 
tion for closing the ink channel of the packing member 
when the valve body contacts with the packing member; 



and an ink channel allowing ink to pass therethrough 
when the valve body is urged to come out of contact 
with the packing member by the ink supply needle of the 
printing apparatus. 

s [0031 ] At least a part of the ink channel of the valve 
body may be formed by cutting off the sealing portion. 
[0032] The sealing portion of the valve body may 
include a substantially flat surface with which the ink 
supply needle contacts. 

10 [0033] The guide body may include: an axial portion 
being connected to the valve body; and a guide block 
formed at an end of the axial portion opposite to the 
valve body, the guide block guiding the valve body to 
slide substantially vertically with respect to the packing 

75 member. 

[0034] The axial portion of the guide body may be 
formed as one unit with the valve body. 
[0035] The ink cartridge may further include a guide 
unit provided in the ink supply port to receive the guide 
20 block of the guide body. 

[0036] The valve body and the guide body may be 
separately formed and fixed to each other by fixing 
means. 

[0037] The guide body may be made of an elastic 
25 material. The guide body may be formed with a groove 
extending from the guide block through the axial por- 
tion. 

[0038] The valve body of the valve device may 
include a surface facing the packing member formed 

30 with a convex surface. 

[0039] The valve body of the valve device may 
include a surface, facing the packing member, formed 
with a protruding portion to contact with a tip end of the 
ink supply needle. 

35 [0040] The valve body of the valve device may 
include a surface, facing the packing member, provided 
with a notch. 

[0041] The notch of the valve body may have a 
tapered angle which is the same as that of the tapered 
40 ink supply needle. 

[0042] The channel of the valve body may have a 
tapered angle which is smaller than that of the tapered 
ink supply needle. 

[0043] The valve body of the valve device may 
45 include a surface, facing the packing member, formed 
with a spherical surface contacting with a tip end of the 
ink supply needle. 

[0044] The spherical surface of the valve device 
may have a diameter of curvature larger than a diameter 

so of a widest part of the valve body. 

[0045] The packing member may include a first sur- 
face facing the ink chamber with a protruding portion 
having a hole whose diameter is smaller than the diam- 
eter of the ink supply needle of the printing apparatus. 

55 [0046] The packing member may include a first sur- 
face facing the ink chamber with a protruding portion 
having a hole whose diameter is smaller than the diam- 
eter of the ink supply needle of the printing apparatus. 
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[0047] The spherical surface of the valve device 
may be formed with a flat portion at its center having a 
smaller diameter than a diameter of the hole of the pro- 
truding portion of the packing member. 
[0048] The valve device way include: a valve body s 
contacting with the packing member and urged by the 
ink supply needle of the printing apparatus to open the 
ink channel when the ink cartridge is mounted on the 
printing apparatus; and an elastic support portion for 
supporting the valve body. *o 
[0049] The ink cartridge may further include a pack- 
ing retainer for retaining the packing member at the 
externa] opening of the ink supply port. 
[0050] The packing retainer may include a film 
capable of being penetrated by the ink supply needle of is 
the printing apparatus. 

[0051] The film may be formed with a hole which 
enables the ink supply needle to easily pass through. 
[0052] The hole may be formed by cutting the film in 
a cross shape. 20 
[0053] The packing retainer may be a protruding 
portion protruding from the external opening toward the 
center thereof. 

[0054] The ink supply port may have an internal 
opening open to the ink chamber, and the ink cartridge 25 
further includes a filter provided at the internal opening. 
[0055] The fitting portion may include a first fitting 
position for fitting the ink supply needle of the printing 
apparatus when the ink supply needle is inserted from 
the external opening, and a second fitting position for fit- 30 
ting the ink supply needle when the ink supply needle is 
further inserted toward the ink chamber. 
[0056] The first fitting position may be initially 
sealed prior to use. 

[0057] According to another aspect of the present 35 
invention, in the above-stated problems and drawbacks 
can be solved by a provision of an ink supply system for 
an ink-jet type printing apparatus supplying ink con- 
tained in an ink cartridge to a print head through a 
tapered ink supply needle, the ink supplying system 40 
including: an ink channel for providing ink from the ink 
chamber to the print head of the printing apparatus; a 
first member provided at the ink channel, forming a part 
of the ink channel for allowing a flow of ink, the first 
member sealing the ink supply needle of the ink printing 45 
apparatus by fitting therewith; and a second member 
contained in the ink channel elastically abutting against 
the first member, the second member selectively open- 
ing and closing the ink channel in conjunction with the 
ink supply needle. 50 
[0058] According to still another aspect of the 
present invention, the above-stated problems and draw- 
backs can be solved by a provision of a printing appara- 
tus for ejecting ink on a printing medium, which 
includes: a print head; a tapered ink supply needle; and ss 
an ink cartridge communicating with the print head 
through the tapered ink supply needle and removably 
attached to the print head. The ink cartridge includes: 



an ink chamber for containing ink; an ink supply port for 
supplying ink from the ink chamber to the print head of 
the printing apparatus, the ink supply port comprising 
an external opening; a packing member provided in the 
ink supply port, forming an ink channel for allowing a 
flow of ink, the packing member sealing the ink supply 
needle of the printing apparatus by fitting therewith; and 
a valve device contained in the ink supply port elasti- 
cally abutting against the packing member, the valve 
device selectively opening and closing the ink channel 
in conjunction with the ink supply needle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] 

Fig. 1 shows a cross sectional view of the ink car- 
tridge according to the present invention with a part 
of the printing apparatus comprising the print head; 
Fig. 2 is an enlarged cross sectional view of the ink 
supply port of the ink cartridge shown in Fig. 1 ; 
Fig. 3 shows the valve member of the ink cartridge 
shown in Fig. 2; 

Fig. 4(A) shows the ink supply port of the ink car- 
tridge with the ink supply needle of the printing 
apparatus; 

Fig. 4(B) shows the ink supply port of the ink car- 
tridge with the ink supply needle of the printing 
apparatus inserted therein; 
Fig. 5 (A) shows another embodiment of the ink 
supply port of the ink cartridge; 
Fig. 5(B) shows the ink supply port of the ink car- 
tridge shown in Fig. 5(A) with the ink supply needle 
of the printing apparatus inserted therein; 
Fig. 6(A) shows another embodiment of the ink sup- 
ply port of the ink cartridge; 
Fig. 6(B) shows the ink supply port of the ink car- 
tridge shown in Fig. 6(A) with the ink supply needle 
of the printing apparatus inserted therein; 
Fig. 7(A) shows another embodiment of the ink sup- 
ply port of the ink cartridge; 
Fig. 7(B) shows the ink supply port of the ink car- 
tridge shown in Fig. 7(A) with the ink supply needle 
of the printing apparatus inserted therein; 
Fig. 8 shows a cross sectional view of another 
embodiment of the valve member; 
Fig. 9(A) shows another embodiment of the valve 
member; 

Fig. 9(B) shows a cross sectional view of another 
embodiment of the valve member; 
Fig. 9(C) shows a cross sectional view of another 
embodiment of the valve member; 
Fig. 10 shows a cross sectional view of another 
embodiment of the valve member; 
Fig. 11 shows a cross sectional view of another 
embodiment of the valve member; 
Fig. 12 shows an embodiment of the ink introducing 
chamber; 
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Fig. 13(A) is a cross sectional view of an embodi- 
ment of the packing retainer for the packing mem- 
ber; 

Fig. 13(B) shows the packing retainer for the pack- 
ing member shown in Fig. 13(A); 5 
Fig. 14 shows another embodiment of the packing 
retainer for the packing member; 
Fig. 15(A) is a cross sectional view of another 
embodiment of the packing retainer for the packing 
member; io 
Fig. 15(B) shows the packing retainer for the pack- 
ing member shown in Fig. 15(A); 
Fig. 16(A) is a cross sectional view of another 
embodiment of the packing retainer for the packing 
member; is 
Fig. 16(B) shows the packing retainer for the pack- 
ing member shown in Fig. 16(A); 
Fig. 17(A) is a cross sectional view of another 
embodiment of the ink cartridge according to the 
present invention; so 
Fig. 17(B) shows the ink cartridge shown in Fig. 
17(A) with the ink supply needle of the printing 
apparatus; 

Fig. 17(C) shows the ink cartridge shown in Fig. 
17(A) with the ink supply needle of the printing 25 
apparatus inserted therein; 

Fig. 18(A) is a cross sectional view of another 
embodiment of the ink cartridge according to the 
present invention; 

Fig. 18(B) shows the ink cartridge shown in Fig. 30 
18(A) with the ink supply needle of the printing 
apparatus; 

Fig. 18(C) shows the ink cartridge shown in Fig. 

18(A) with the ink supply needle of the printing 

apparatus inserted therein; 35 

Fig. 19(A) is a cross sectional view of the valve 

member shown in Fig. 18(A) to 18(C); 

Fig. 19(B) is a cross sectional view of another 

embodiment of the valve member; 

Fig. 19(C) is a cross sectional view of another 40 

embodiment of the valve member; 

Fig. 20 shows the ink cartridge comprising an 

extension spring; 

Fig. 21(A) is a cross sectional view of another 
embodiment of the valve device comprising three 45 
elastic support portions; 

Fig. 21(B) is a cross sectional view of the valve 
device shown in Fig. 21(A) with the ink supply nee- 
dle of the printing apparatus; 

Fig. 21(C) shows the valve device shown in Fig. so 
21(A); 

Fig. 21(D) shows the valve device shown in Fig. 
21(A) with the ink supply needle of the printing 
apparatus; 

Fig. 22(A) is a cross sectional view of another 55 
embodiment of the valve device comprising a elas- 
tic support-portion; 

Fig. 22(B) is a cross sectional view of the valve 
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device shown in Fig. 22(A) with the ink supply nee- 
dle of the printing apparatus; 
Fig. 22(C) shows the valve device shown in Fig. 
21(A); 

Fig. 22(D) shows the valve device shown in Fig. 
21(A) with the ink supply needle of the printing 
apparatus; 

Fig. 23(A) shows another embodiment of the valve 
device; 

Fig. 23(B) shows the valve device shown in Fig. 
23(A) with the ink supply needle of the printing 
apparatus; 

Fig. 24(A) shows another embodiment of the valve 
device; 

Fig. 24(B) shows the valve device shown in Fig. 
24(A) with the ink supply needle of the printing 
apparatus; 

Fig. 25(A) is a cross sectional view of another 

embodiment of the valve member; 

Fig. 25(B) shows the valve member shown in Fig. 

25(A) with the ink supply needle of the printing 

apparatus; 

Fig. 25(C) is a cross sectional view of another 

embodiment of the valve member; 

Fig. 25(D) shows the valve member shown in Fig. 

25(C) with the ink supply needle of the printing 

apparatus; 

Fig. 26 shows another embodiment of the ink car- 
tridge according to the present invention; 
Fig. 27 shows a cross sectional view of the conven- 
tional ink cartridge with a part of the printing appa- 
ratus comprising the print head; and 
Fig. 28 is a cross sectional view of another embod- 
iment of the conventional ink cartridge. 

DETAILED DESCRIPTION OF THE INVENTION 

[0060] Preferred embodiments of the present inven- 
tion will now be described in detail with reference to 
accompanying drawings. The embodiments described 
as follows do not intend to limit the scope of the present 
invention, but merely exemplify the invention. All of the 
features and the combinations thereof described in the 
embodiment are not necessarily essential to the inven- 
tion. 

[0061] Fig. 1 shows a first embodiment of an ink 
cartridge according to the present invention. As shown 
in Fig. 1 , an ink cartridge 2 has an ink chamber 4 for 
containing ink, and an ink supply port 6 designed to 
establish an ink communication with the ink chamber 4. 
The ink cartridge 2 is also provided with a packing 
member 8 disposed within the ink supply port 6. and a 
valve member 10 located between the ink chamber 4 
and the packing member 8. The valve member 10 is 
always urged toward the packing member 8 by an elas- 
tic force of a compression spring 12. The packing mem- 
ber 8 is made of an elastic material such as a rubber or 
a plastic. The ink chamber 4 accommodates therein a 
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porous member 5 which absorbs ink. Because of the 
fact that ink is absorbed in the porous member 5, ink is 
retained in the ink chamber in stable without splashing, 
even when the ink cartridge mounted on a carriage of a 
printing apparatus moves in reciprocate at a high 
speed. As the porous member 5 is accommodated in 
the ink chamber 4, the ink chamber 4 is always depres- 
surized. 

[0062] Fig. 1 shows a part of the printing apparatus. 
The printing apparatus has a print head 102 fixed on the 
carriage, not shown in the drawings, a tapered ink sup- 
ply needle 104 designed to establish a fluid communica- 
tion with the print head 102, and an ink cartridge holder 
106. The ink cartridge 2 is mounted on the ink cartridge 
holder 106 of the printing apparatus in such a way that 
the ink supply port 6 faces the ink supply needle 104 of 
the printing apparatus. When the ink cartridge 2 is 
mounted on the printing apparatus, the packing mem- 
ber 8 in the ink supply port 6 fits with the ink supply nee- 
dle 1 04. The ink is then introduced from the ink chamber 
4 to the print head 102 through holes formed in the tip 
end of the ink supply needle 104. 
[0063] Fig. 2 is an enlarged cross sectional view 
showing the ink cartridge 2. The ink supply port 6 is pro- 
vided with an external opening 14 coupling to the ink 
supply needle 104 of the printing apparatus, and an 
internal opening 16 opening to the ink chamber 4. 
[0064] The packing member 8 is press-fitted in the 
ink supply port 6. The packing member 8 has a protrud- 
ing portion 20 on its outside surface, fitting with a con- 
cave 22 formed on the side wall of the ink supply port 6, 
in order to have the packing member 8 retained in the 
ink supply port 6. The protruding portion 20 of the pack- 
ing members 8 seals with the concave 22 of the ink sup- 
ply port 6. Thus, ink does not leak from the ink supply 
port 6. 

[0065] The packing member 8 is made of an elastic 
material such as a rubber material including a silicon 
rubber, a chloroprene rubber, a butyl rubber, a ethylene- 
propylene rubber, a nitrile rubber, and an eiastmer 
material. The packing member 8 is provided, if desired, 
with a lubricant coat at areas with which the ink supply 
needle 104 contacts, in order to smoothly receive the 
ink supply needle 104. The lubricant coat consists of a 
silicon resin or a fluorocarbon resin. 
[0066] One surface of the packing member 8 faces 
the ink chamber 4. This surface of the packing member 
is formed with a cylindrical recess 30 having a diameter 
compatible to receipt of a part of the valve device, which 
will be explained in detail hereinbelow. The packing 
member 8 has a hole 32 defined in the center thereof, 
capable of receiving the ink supply needle 104 formed 
in the cylindrical recess 30, having a diameter smaller 
than the diameter of the cylindrical recess 30. thereby to 
form an ink channel. 

[0067] The hole 32 of the packing member 8 
expands and seals the ink supply needle 104 of the 
printing apparatus, when the ink supply needle 104 is 



inserted into the hole 32. The packing member 8 is 
formed with a protruding rim 34 surrounding the hole 32 
formed in the above-mentioned surface of the packing 
member 8. 

5 [0068] The packing member 8 has a second sur- 
face facing the external opening 14, with a first tapered 
portion 24 and a second tapered portion 26. Each 
tapered portion on the second surface is tapered from 
the external opening 14 toward the ink chamber 4 for 

io the purpose of guiding the ink supply needle 1 04 of the 
printing apparatus. The packing member 8 is also pro- 
vided with a fitting portion 28 formed on the second sur- 
face, to fit with the ink supply needle 104 of the printing 
apparatus. 

is [0069] The packing member 8 is press-fitted in the 
ink supply port 6 and defines an ink introducing cham- 
ber 36 within the ink supply port 6. The ink introducing 
chamber 36 is an area defined between the packing 
member 8 and the ink chamber 4. The valve member 4 

20 is received in the ink introducing chamber 36. The ink 
introducing chamber 36 has a cylindrical guide unit 38 
having a through bore 38a. The guide unit 38 receives a 
part of the valve member 10 in order to guide the valve 
member 10. The guide unit 38 contacts with the part of 

25 the valve member 1 0 necessary to have the valve mem- 
ber 10 moved vertically with respect to the packing 
member 8. The valve member 10 is always urged by a 
compression spring 12 toward the packing member 8, 
to contact with the packing member for selectively clos- 

30 ing the ink channel of the packing member 8. 

[0070] Fig. 3 shows an embodiment of the valve 
member 1 0. The valve member 1 0 has a valve body 40 
contacting with the packing member 8, and a guide 
body 42 for guiding the valve body 40. The guide body 

35 42 helps the valve body 40 to move vertically with 
respect to the packing member, when the valve member 
10 is received in the ink introducing chamber 38. The 
valve body 40 has a sealing portion 44 for sealing the 
ink channel of the packing member 8 when the valve 

40 body 40 contacts with the packing member 8, a spring 
support structure 46 for supporting the Compression 
spring 12. and an ink channel 48 suitable for the pas- 
sage of ink when the valve body comes out of contact 
with the packing member by the ink supply needle of the 

45 printing apparatus. Here, the sealing portion 44 is sub- 
stantially flat. A part of the ink channel 48 is formed by 
cutting off the sealing portion 44. The guide body 42 has 
an axial portion 50 connecting to the valve body 40, and 
a guide block 52 formed at an end of the axial portion 50 

so opposite to the valve body 40. 

[0071 ] Referring back to Fig. 2. the guide block 52 is 
slidably received in the guide unit 38. The guide block 
52 has a diameter larger than a diameter of the through 
bore 38a of the guide unit 38. The guide block 52 of the 

55 valve member 10 cooperates with the guide unit 38, to 
have the valve body 10 move vertically with respect to 
the packing member 8. 

[0072] The print head 102 is of an ink jet type print 
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head normally referred to as a piezoelectric type print 
head. In the piezoelectric type print head, by driving a 
piezoelectric transducer a pressure chamber is 
expanded to lead ink in, and applies a pressure to ink to 
eject ink droplets out of the print head. It is necessary to 5 
dissolve, during manufacturing, any bubbles in the ink 
within the cartridge of this type of print head, because 
bubbles in the ink may cause inadequate compression 
of the pressure chamber so that ink droplets do not eject 
as they are designed. 10 
[0073] In this case, the ink is injected in the ink car- 
tridge at a negative pressure of minus 1 atom of the 
atmospheric pressure (1.033kg / per square meter) 
when the ink cartridge is manufactured. The compres- 
sion coil spring is designed to be strong enough to urge is 
the valve member 1 0 toward the packing member 8 in 
order to have the valve member 10 form a contact with 
the packing member 8, even under the low pressure 
condition. 

[0074] The internal opening 1 6 formed at the side of 20 
the ink supply port 6 opening to the ink chamber 4 has 
a dimension larger than the dimension of the ink intro- 
ducing chamber 36 in which the valve member 10 is 
accommodated. The result is, ink can smoothly be intro- 
duced to the ink introducing chamber 36. and flown to 25 
the ink supply port 6. A filter 54 is provided between the 
internal opening 16 of the ink supply port 6 and the ink 
chamber 4 of the ink cartridge. The filter 54 collects dust 
or foreign particles existing in the ink chamber 4. Fur- 
thermore, as the filter 54 has a dimension same as that 30 
of the internal opening 16, ink passes smoothly through 
the filter 54. 

[0075] A sealing film 56 which is designed to be 
penetrated by the ink supply needle may be adhered to 
cover the external opening 1 4 for sealing the ink supply 35 
port 6 prior to use. The sealing film 56 serves to close 
the ink supply port 6 and also to retain the packing 
member 8 at the external opening 14 of the ink supply 
port 6. 

[0076] The operation of the packing member 8 and 40 
the valve member 10, when the ink cartridge 2 is 
mounted on the printing apparatus will be explained in 
the following in the present embodiment. 
[0077] As shown in Fig. 2, when the ink cartridge is 
not mounted on the printing apparatus, the valve body 45 
40 is urged toward the packing member 8 by the com- 
pression spring 12. The sealing portion 44 contacts with 
the protruding rim 34 surrounding the hole 32 of the 
packing member 8. Thus, the ink introducing chamber 
36 is closed by the packing member 8 and the valve so 
member 10. 

[0078] As shown in Fig. 4(A), the external opening 
1 4 of the ink supply port 6 is adjusted to fit the ink supply 
needle 104 to have the ink cartridge 2 depressed in the 
ink cartridge holder 106 of the printing apparatus. The ss 
tapered ink supply needle 104 then penetrates the seal- 
ing film 56, to be inserted into the fitting portion 28 whilst 
being guided by the first and second tapered portions 



24 and 26 of the packing member 8. When the ink car- 
tridge 2 is further pushed into the cartridge holder 106 
of the printing apparatus, the tapered ink supply needle 
1 04 is smoothly inserted into the hole 32 of the packing 
member 8. This causes the hole 32 to expand, and the 
fitting portion 28 of the packing member 8 seals the ink 
supply needle 1 04. The ink supply needle 1 04 urges the 
flat sealing portion 44 of the valve member 1 0. At the 
same time, the valve member 10 moves toward the ink 
chamber 4 against the elastic force of the compression 
spring 12. 

[0079] The ink supply needle 104 becomes held in 
communication with the ink introducing chamber 36 via 
the hole formed in the tip end of the ink supply needle 
104, and thus allows ink to flow to the print head 102. 
[0080] When the cartridge 2 is removed from the 
printing apparatus, the ink supply needle 104 is 
detached from the packing member 8. The result is, the 
valve member 10 is urged toward the packing member 
8 by the elastic force of the compression spring 12. The 
sealing portion 44 of the valve member 1 0 closes the ink 
channel of the packing member 8 when the ink supply 
needle 104 is completely detached from the packing 
member 8. It means that when the ink supply needle 
104 is released from the fitting portion 28 of the packing 
member 8. at the same time, the sealing portion 44 of 
the valve body 40 is urged toward the packing member 
8 to close the ink introducing chamber 36. 
[0081 ] As shown in Figs. 5(A) and 5(B), the packing 
member 8 may not be formed with a protruding rim 34 
surrounding the hole 32 of the packing member 8, to 
have the valve body 40 contact with the surface of the 
cylindrical recess 30. Fig. 5(B) shows the packing mem- 
ber 8 and the ink supply needle 104 of the printing 
apparatus, when the external opening 14 of the ink car- 
tridge 2 is designed to have a size allowing the ink sup- 
ply needle 104 of the ink cartridge 2 to be pushed into 
the ink cartridge holder 106. in this case, the same 
operation as explained with reference to Figs. 4(A) and 
4(B) can be obtained. 

[0082] Furthermore, even when dust or foreign par- 
ticles is contained in ink, the sealed connection between 
the packing member 8 and the valve member 10 can be 
ensured, because the contacting surface between the 
valve body 40 and the cylindrical recess 30 of the pack- 
ing member 8 is large. 

[0083] As shown in Figs. 6(A) and 6(B), the packing 
member 8 may have a tapered portion 58 larger than 
the tapered ink supply needle 104 at the second sur- 
face. Furthermore, as shown in Figs. 7(A) and 7(B), the 
packing member 8 may have a single tapered portion 60 
tapered from the externa] opening 14 to the hole 32 of 
the packing member 8. In these cases, when the ink 
cartridge 2 is pushed into the ink cartridge holder 1 06 to 
have the ink supply needle 104 inserted into the hole 32 
of the packing member 8, the tapered portion 58 and 
the tapered portion 60 each fit with the ink supply nee- 
dle 104. The same operation as explained with refer- 
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ence to Figs. 4(A) and 4(B) can also be obtained in 
these cases. 

[0084] Furthermore, even when dust is contained in 
ink, the sealed connection between the packing mem- 
ber 8 ancf the valve member 10 can be ensured, s 
because the contacting surface between the valve body 
40 and the cylindrical recess 30 of the packing member 
8 is large. 

[0085] Further, in the embodiment shown in Figs. 
7(A) and 7(B), the sealed connection between the pack- 10 
ing member 8 and the valve member 10 can be ensured 
because the fitting force between the tapered portion 60 
and the ink supply needle 104 is strong. 
[0086] Although the packing member 8 shown in 
this embodiment is formed as one unit, the packing is 
member 8 may be separately formed as comprising two 
units; one of which is a part with which the valve mem- 
ber 10 contacts and the other of which is a part with 
which the ink supply needle 104 fits. 

[0087] Fig. 8 shows another example of the valve 20 
member 10 having a surface at the sealing portion 44, 
facing the packing member 8, formed with a spherical 
surface 45 to contact with the tip end of the ink suppiy 
needle 104. With this spherical surface 45 of the valve 
member 1 0. the sealed connection between the packing 25 
member 8 and the valve member 10 is ensured, even 
when the position of the valve member 10 varies. 
[0088] Fig. 9(A) shows another embodiment of the 
valve member 10. The components of the valve mem- 
ber 10 shown in Fig. 9(A) are formed separately from 30 
one another, including a valve body 40 to form a contact 
with the packing member 8, and a guide body 42 for 
guiding the valve body 40 vertically with respect to the 
packing member 8. The valve body 40 has a sealing 
portion 44 and a plurality of, at least three, spring sup- 35 
port structure 46 around the sealing portion 44. The 
guide body 42 is formed as one piece, with an axial por- 
tion 50 being connected to the valve body 40 and a 
guide block 52. The guide block 52 guides the valve 
body 40 vertically with respect to the packing member 8, 40 
in cooperation with the guide unit 38 of the ink introduc- 
ing chamber 36. The end of the axial portion 50 of the 
guide body 42, opposite to the guide block 52, is 
secured to the sealing portion 44 of the valve body 40, 
to assemble the valve member 10. 45 
[0089] The valve member 10 is incorporated in the 
ink supply port 6 by inserting the guide body 42 from the 
internal opening 16, to be passed through the guide unit 
38 of the ink introducing chamber 36, entering the com- 
pression spring 12 from the internal opening 16 to be so 
placed around the ink introducing chamber 36, and fix- 
ing the valve body 40 to the guide body 42. 
[0090] The valve body 40 and the guide body 42 
may be fixed to each other by providing a fixing hole 40a 
to the valve body 40. The guide body 42 is inserted into ss 
the fixing hole 40a of the valve body 40. and fixed by 
heat welding or adhesive as shown in Fig. 9(B). Other- 
wise, the valve body 40 and the guide body 42 may be 



fixed to each other by forming a fixing hole having a 
thread to the valve body 40, forming a thread to the axial 
portion 50, and connecting these parts to each other as 
shown in Fig. 9(C). 

[0091] Fig. 10 shows another embodiment of the 
valve member 10. The valve member 10 has a valve 
body 40 and a guide body 42. The guide body 42 is pro- 
vided with an axial portion 50 and a guide block 52. The 
axial portion 50 and the guide block 52 of the guide 
body 42 are formed as one unit. The guide body 42 is 
made of an elastic material such as a plastic and formed 
with a groove 62 extending from the guide block 52 
through the axial portion 50. The valve body 40 may be 
made of the same elastic material, such as a plastic, 
and formed as one unit with the guide body 42. When 
the ink cartridge 2 is mounted on the printing apparatus, 
the ink supply needle 104 contacts with and urges the 
valve body 40. The valve body 40 may therefore be 
made of a soft and flexible material which does not 
damage the tip end of the ink supply needle 104. The 
guide block 52 of the guide body 42 may be tapered 
toward the valve body 40 as shown in Fig. 10. 
[0092] In this embodiment, the valve member 10 is 
incorporated in the ink supply port 6 by entering the 
compression spring 1 2 from the internal opening 1 6 to 
be placed around the ink introducing chamber 36. The 
edge of the guide body 42 having the groove 62 is 
pushed into the through bore 38a of the guide unit 38. 
The guide block 52 has a groove 62 which allows the 
guide block 52 to be buckled as it passes through the 
through bore 38, and then spreads to be retained in the 
guide unit 38. In this case, the valve member 10 can be 
formed as one unit, therefore, the number of parts and 
working process are reduced. 

[0093] In the embodiment as described above, the 
guide block 52 of the valve member 10 has a groove 62. 
However, the guide unit 38 may be formed to allow split- 
ting into a plurality of strips for elastically accepting the 
guide block 52 of the valve device. 
[0094] As the valve member 10 is contained in the 
ink introducing chamber 36, the valve member 10 needs 
to be manufactured in a small size. This leads that ink is 
not provided smoothly to the print head even when the 
ink channel is open. Therefore, as shown in Fig. 1 1, the 
valve member 10 is formed with a depression 44a and 
the penetrating portion 44b formed at the sealing por- 
tion 44 of the valve body 40 to allow ink to smoothly 
pass therethrough. The penetrating portion 44b is 
formed at the outside of the sealing portion so that the 
sealing portion 44 can close the hole 32 of the packing 
member 8 when the sealing portion 44 contacts with the 
packing member 8 The valve member 10 preferably 
has a plurality of these depressions 44a and penetrating 
portions 44b in order to pass ink from the ink chamber 4 
to the print head smoothly. 

[0095] The ink introducing chamber 36 may have a 
depression 36a formed at the side wall of the ink intro- 
ducing chamber 36. The depression 36a is formed from 
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the upper point where the sealing portion 44 of the valve 
body 40 positions when the valve member 10 is not 
urged by the ink supply needle 104 to the point where 
the sealing portion 44 of the valve body 40 positions 
when the valve member 10 is urged by the ink supply 
needle 104 in Fig. 12. In this embodiment, ink is pro- 
vided smoothly to the print head through the depression 
36a. The valve member 1 0 having a depression 44a as 
shown in Fig. 11 may be used with this ink introducing 
chamber 36 as shown in Fig. 12. 
[0096] As for the ink cartridge 2 according to the 
present invention, the ink of the ink supply port 6 is 
sealed by the connection between the packing member 
8 and the valve member 10. Thus it is not necessary to 
close the external opening 1 4 with a sealing film or any 
equivalent member thereof. Therefore, as shown in 
Figs. 13(A) and 13(B), the sealing film 56 provided at 
the external opening 14 may be formed with a hole 56a 
which enables the ink supply needle 104 to pass 
through. The hole may be formed by cutting the film in a 
cross shape as shown in Fig. 14. By making the hole, 
the ink supply needle smoothly pass through the film. 
[0097] Furthermore, as shown in Figs 15(A) and 
15(B), the ink cartridge 2 may have a protruding portion 
14a protruding from the external opening 14 toward the 
center thereof, as a retainer for retaining the packing 
member 8 at the external opening 14 of the ink supply 
port 6. The protruding portion can be simply formed by 
protruding a part of the external opening 14. The result 
is, the number of parts or components and manufactur- 
ing process are reduced. 

[0098] The external opening 14 may have a retreat- 
ing opening 14b as shown in Fig. 16(A) and 16(B). The 
sealing film 56 is attached at the external opening 14 to 
retain the packing member 8 at the external opening 14. 
[0099] in this embodiment, the ink supply port 6 is 
open to the external ambient air, therefore, the packing 
member 8 and the valve member 10 are not influenced 
by the expansion and the contraction of the air in the ink 
supply port 6. 

[0100] Fig. 17(A) 17(B) and 17(C) show another 
embodiment of the ink cartridge according to the 
present invention. A packing member 8 and a valve 
member 10 are provided in the ink supply port 6 in the 
same way as the embodiment shown in Fig. 2. The ink 
supply port 6 has an external opening 14 designed to 
face the ink supply needle 104 of the printing apparatus, 
and an internal opening 16 designed to open to the ink 
chamber 4. The parts and components having the same 
symbols as Fig. 2 and not specifically mentioned here 
have the same operations and effects as those shown in 
Fig. 2. 

[0101] The packing member 8 has a first surface 
facing the ink chamber 4 with a protruding portion 8a 
protruding from the fitting portion 28 toward the ink 
chamber 4. The first surface has a hole 18a, whose 
diameter is smaller than the diameter of the needle of 
the recording apparatus. 



[0102] The packing member 8 has a second sur- 
face facing the external opening 14 with a first tapered 
portion 24 and a second tapered portion 26 each 
tapered from the external opening 14 toward the ink 

5 chamber 4 at the second surface. The function of this is 
to guide the inksupply needle 104 of the printing appa- 
ratus. The packing member 8 further has a fitting por- 
tion 28 to fit with the ink supply needle 104 of the 
printing apparatus. 

io [0103] The valve member 10 has a valve body 40 
and a guide body 42. The valve body 40 has a sealing 
portion 44 and a spring support structure 46. The guide 
body 42 has an axial portion 50 and a guide block 52. 
The sealing portion 44 of the valve body 40 has a sur- 

75 face facing the packing member 8 formed with a pro- 
truding portion 45b to contact with the tip end of the ink 
supply needle 104. The protruding portion 45b has a 
size compatible with the hole 18a of the protruding por- 
tion 8a of the packing member 8. The valve member 10 

20 is received in the guide unit 38 of the ink introducing 
chamber 38. to be moved vertically with respect to the 
packing member 8. 

[01 04] The protruding portion 45b has a height that 
permits it to form a contact with the tip end of the ink 

25 supply needle 104 at the time when the ink supply nee- 
dle 104 forms a sealed connection with the packing 
member 8 as shown in Fig. 17(B). It means that the 
valve member 1 0 is urged by the ink supply needle 104 
to open the ink supply port 6 at the time when the ink 

30 supply needle 104 and the packing member 8 form a 
sealed connection with each other. Thus, undesirable 
air or bubble do not enter the ink supply port 6. 
[0105] In this embodiment, the tip end of the ink 
supply needle 104 contacts the protruding portion 45b 

35 of the sealing portion 44 at the time when the tapered 
ink supply needle 104 fits with the packing member 8. 
This forms a sealed connection between them, by 
mounting the ink cartridge 2 on the printing apparatus. 
[0106] When the ink cartridge 2 is further pushed 

40 toward the printing apparatus, the ink supply needle 1 04 
fits into the fitting portion 34 of the packing member and 
is inserted into the hole 18a of the protruding portion 8a 
of the packing member 8 whilst forcing out any air. 
Then, the ink can be provided to the print head 1 02. The 

45 valve member 1 0 is forcibly separated from the packing 
member 8 when the ink supply needle 104 is inserted 
into the ink supply port 6 whilst forming a sealed con- 
nection with the packing member 8 as described above. 
Therefore, the air compressed by the ink supply needle 

so when it is inserting in the ink supply port does not enter 
the ink supply port 6 and the ink supply needle 104. 
[0107] When, on the other hand, the cartridge 2 is 
removed from the printing apparatus, the ink supply 
needle 104 is detached from the packing member 8. 

55 The valve member 1 0 is urged toward the packing mem- 
ber 8 by the elastic force of the compression spring 12. 
The protruding portion 45b of the sealing portion 44 of 
the valve member 10 is accepted into the hole 18a of 
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the packing member 8, whilst the ink supply needle 104 
be detached from the packing member 8. The sealing 
portion 44 of the valve member 10 forms a contact with 
the protruding portion 8a of the packing member 8. This 
closes the ink introducing chamber 36 when the ink sup- 
ply needle 104 is almost detached from the packing 
member 8 but is still forming the sealed connection with 
the fitting portion 28 of the packing member 8. Thus, the 
ink does not leak from, and undesirable air or bubble 
does not enter the ink cartridge through the external 
opening 14 of the ink supply port. 
[0108] Fig. 18(A) 18(B) and 18(C) show another 
embodiment of the ink cartridge according to the 
present invention. The ink cartridge has a packing 
member 8. The packing member 8 has a protruding por- 
tion 8a and a hole 18a formed at the protruding portion 
8a of the packing member 8 in the same way as that 
shown in Figs. Fig. 17(A) 17(B) and 17(C). 
[0109] The valve member 10 has a valve body 40 
and a guide body 42. The valve body 40 has a sealing 
portion 44 and a spring support structure 46. The guide 
body 42 has an axial portion 50 and a guide block 52. 
The sealing portion 44 of the valve body 40 has a sur- 
face facing the packing members 8, formed with a con- 
vex surface 45. The convex surface 45 is a spherical 
surface. The spherical surface of the valve body 40 has 
a diameter of curvature larger than a diameter of a wid- 
est part of the valve body 40. 

[0110] Fig. 19(A) shows an enlarged cross sec- 
tional view of the valve member 10 having a spherical 
convex surface 45. The convex surface 45 of the sealing 
portion 44 of the valve body 40 is like a part of a sphere 
having a diameter "R". The diameter R of the sphere is 
larger than the length "L M of the axial portion 50 of the 
valve member 10. Thus, the sealed connection between 
the packing member 8 and the valve member 10 is 
ensured even when the position of the valve member 1 0 
varies. 

[0111] Assuming the diameter of curvature of the 
spherical convex surface 45 of the valve body 40 as "FT. 
"2FT (2 x R) is at least longer than the widest part "d" of 
the valve body 40 as shown in Fig. 19(A). 
[0112] In this embodiment, the tip end of the ink 
supply needle 104 contacts the spherical convex 45 of 
the sealing portion 44. This occurs at the time when the 
tapered ink supply needle 104 fits with the packing 
member 8, to form the sealed connection with each 
other when mounting the ink cartridge 2 on the printing 
apparatus. 

[0113] When the ink cartridge 2 is further pushed 
toward the printing apparatus, the ink supply needle 1 04 
is guided by the tapered portion 58 to contact with the 
center of the convex surface 45 of the valve meter 10. 
Under this condition, the ink supply needle 104 is 
inserted into the hole 18a of the protruding portion 8a of 
the packing member 8. 

[0114] The valve member 10 is forced to come out 
of contact with the packing member 8 when the ink sup- 



ply needle 104 is inserted into the ink supply port 6 
whilst forming the sealed connection with the packing 
member 8 as described above. Therefore, the air com- 
pressed by the ink supply needle does not enter the ink 

5 supply port 6. 

[0115] Further in this embodiment, the ink supply 
needle 104 contacts with the center of the spherical 
convex surface 45 having a large diameter of curvature; 
and the valve member 10 is regulated by its axial por- 

io tion 50, therefore, contact between the valve member 
10 and the ink supply needle 104 is ensured. 
[0116] When, on the other hand, the cartridge 2 is 
removed from the printing apparatus, the ink supply 
needle 104 is detached from the packing member 8. 

is The valve member 1 0 is urged toward the packing mem- 
ber 8 by the elastic force of the compression spring 12. 
The convex surface 45 of the sealing portion 44 of the 
valve member 10 forms a contact with the protruding 
portion 8a of the packing member 8, to close the ink 

20 introducing chamber 36. This occurs when the ink sup- 
ply needle 104 is almost detached from the packing 
member 8 but is still forming a sealed connection with 
the fitting portion 28 of the packing member 8. Thus, the 
ink does not leak from, and undesirable air bubbles do 

25 not enter the external opening 14. Furthermore, as the 
sealing portion 44 has the spherical convex surface 45, 
the sealed connection between the packing member 8 
and the valve member 10 is ensured even when the 
position of the valve member 10 varies. 

30 [01 1 7] The spherical convex surface 45 of the valve 
member 10 may have a flat surface 45c having a diam- 
eter smaller than the diameter of the hole 18a of the pro- 
truding portion 8a of the packing member 8 as shown in 
Fig. 19(B). In this case, the contacting surface between 

35 the ink supply needle 104 and the valve member 10 is 
large, to enforce the contact therebetween without 
reducing the sealed connection between the ink supply 
needle 104 and the packing member 8. 
[0118] Furthermore, the closing surface 44 of the 

40 valve member 10 may be formed as a conical shape 
45d having its paint removed, to leave a flat surface 45c 
remained. In this case, the contact between the ink sup- 
ply needle 104 and the valve member 10 is enforced as 
well, without reducing the sealed connection between 

45 the ink supply needle 1 04 and the packing member 8. 
[0119] The elastic member may be an extension 
spring 64 as shown in Fig. 20. The extension spring 64 
is fixed to the ink cartridge 2 at an end by the packing 
member 8 to have the other end of the extension spring 

so 64 contact with the valve member 10. The valve mem- 
ber 10 is forced toward the packing member 10. In this 
case, the valve member does not need to have a spring 
support structure 46, and the ink cartridge 2 does not 
need to have a guide unit 38 in the ink introducing 

55 chamber 36. The result is. that the structure of the ink 
cartridge 2 can be simplified, thus, the manufacturing 
process can be reduced. 

[0120] Figs. 21 and 22 shows another example of 
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the valve device according to the present invention. The 
valve device 70 has a valve body 72 to form contact with 
the packing member 8, and an elastic support portion 
74 for supporting the valve body 72 in order to have the 
valve body 72 contact with the packing member 8. The 
elastic support portion 74 is made of an elastic material 
such as a hard rubber, a plastic material having a high 
elastic modulus, or an elastomer material. The elastic 
support portion 74 is capable of bending when the ink 
supply needle 104 fits with the packing member, to urge 
the valve body 72 of the valve device 70. The valve body 
72 and the elastic support portion 74 may be separately 
formed, or may be formed as one unit. The elastic sup- 
port portion 74 of the valve device 70 urges the valve 
body 72 toward the packing member 8. At the same 
time, the valve body 72 contacts with the packing mem- 
ber 8, and guides the valve member vertically with 
respect to the packing member 8. Therefore, the 
number of parts can be reduced. 
[0121] The valve device 70 may have a plurality of 
elastic support portions 74, for example, three in Fig. 
21, or only one elastic support portion 74 as shown in 
Fig. 22. 

[0122] Fig. 23(A) and 23(B) show another embodi- 
ment of the valve device according to the present inven- 
tion. The valve device 80 has a valve member 82 to form 
a contact with the packing member 8 and an elastic 
member 84 for urging the valve member 82 toward the 
packing member 8 in order to have the valve member 82 
contact with the packing member 8. The elastic member 
84 is made of a polymeric elastomer or a rubber capa- 
ble of expanding. 

[0123] The valve body 82 is urged to selectively 
contact with the packing member 8 by the elastic mem- 
ber 84 connected to the cylindrical recess 30 of the 
packing member 8 in the embodiment shown in Fig. 
23(A). The valve body 82 is urged by the ink supply nee- 
dle 104 of the printing apparatus toward the ink cham- 
ber, to open the valve device 80. Thus, the ink is 
provided from the ink chamber to the print head 102 of 
the printing apparatus through the hole of the ink supply 
needle 104. 

[0124] A part of the valve body 82 is fixed at the 
packing member 8 as shown in Figs. 24(A) and 24(B). 
The valve body 82 is urged to contact with the packing 
member 8 by the elastic member 84 in this case as well. 
The valve body 84 is urged toward the ink chamber by 
the ink supply needle 104, to open the hole of the pack- 
ing member 8. The ink is then provided from the ink 
chamber to the print head 102 of the printing apparatus 
through the hole of the ink supply needle 104. 
[0125] The valve device 80 maybe formed as one 
unit with the packing member 8. It means that the valve 
device 80 is fixed to the packing member 8 as its part. 
Thus, the number of parts and manufacturing process 
can be reduced. 

[0126] The valve body 40 of the valve member 10 
may have a surface facing the packing member pro- 



vided with a notch as shown in Figs. 25(A) to 25(D). The 
notch 40c of the valve body 40 shown in Figs, 25(A) and 
25(B) has an angle the same as that of the tapered ink 
supply needle 1 04. The notch 40d of the valve body 40 

s shown in Figs. 25(C) and 25(D) has an angle smaller 
than that of the tapered ink supply needle 104. These 
reduce the damage to the ink supply needle 104 when 
the ink supply needle 104 urges the valve member 10. 
In particular, when the ink supply needle 104 contacts 

10 the valve body 40 as shown in Figs. 25(C) and 25(D), 
the tip end of the ink supply needle 104 does not contact 
with the valve body 40 of the valve member 10, there- 
fore the tip end of the ink supply needle 104 is not dam- 
aged. 

75 [01 27] The packing member 8 may have two fitting 
portions, a first fitting position 28a for fitting the ink sup- 
ply needle of the printing apparatus when the ink supply 
needle 104 is inserted from the external opening 14, 
and a second fitting position 28b for fitting the ink supply 

20 needle 104 when the ink supply needle 104 is further 
inserted toward the ink chamber 4. In this case, each of 
the fitting portions 28a and 28b fits with the ink supply 
needle 1 04. Thus, the sealed connection between the 
packing member and the ink supply needle 104 can be 

25 enforced. Each of the fitting portions 28a and 28b may 
be formed with or without a hole. Preferably, the fitting 
portion 28a closer to the external opening 14 is not 
formed with a hole and is sealed initially prior to use. In 
such a case, the number of parts can be reduced 

30 because the ink cartridge does not have a sealing film 
to seal the supply port 6 prior to use. Even in this case, 
the fitting portion 28a is formed as tapered as shown in 
Fig. 26. so the ink supply needle 104 can smoothly pen- 
etrate the sealed fitting portion 28a. 

35 [0128] The ink cartridge according to the present 
invention may be used as an off-carriage type ink car- 
tridge which is mounted on a fixed part of the body of 
the printer and connected to the print head which is 
mounted on the carriage, through a flexible ink supply 

40 tube. 

[0129] The ink cartridge according to the present 
invention may also be applied to a printing apparatus in 
which a heating element is used as a pressurizing 
means not only to the printing apparatus in which the 
45 piezoelectric transducer is used as a pressurizing 
means of the print head. 

[0130] As described above, according to the 
present invention, an ink cartridge and an ink supply 
system are capable of closing the ink supply channel 

so when it is not mounted on the printing apparatus and 
capable of opening the ink supply channel to provide ink 
to the print head when it is mounted on the printing 
apparatus. A printing apparatus employing the ink car- 
tridge or the ink supply system is also provided by the 

55 present invention. 

[0131] Furthermore, Ink can be supplied from the 
ink supply port to the ink supply needle without having 
air or bubble enter the ink supply port because the valve 
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device is urged by the ink supply needle of the printing 
apparatus to open the ink channel under a state where 
the ink supply needle is sealed by the packing member. 
[0132] Furthermore, the ink supply port can be 
sealed without having air or bubble enter the ink supply s 
port because the valve device comes to close the ink 
channel of the packing member before the ink supply 
needle of the printing apparatus is completely detached 
from the packing member. 

[0133] Furthermore, the ink supply needle can be 10 
smoothly inserted in the packing member because the 
packing member is made of an elastic material and pro- 
vided with a lubricant coat at least at an area with which 
the ink supply needle contacts. 

[0134] Furthermore, the packing member can seal 15 
the ink supply needle because the packing member 
includes a tapered portion or a fitting portion fitting the 
ink supply needle. 

[0135] Furthermore, the ink supply needle can 
securely contact with the valve device, because the 20 
valve device includes a substantially flat surface with 
which the ink supply needle contacts. 
[0136] Furthermore, the valve body can be moved 
substantially vertically with respect to the packing mem- 
ber because the valve device includes a guide body for 25 
guiding the valve body to slide substantially vertically 
with respect to the packing member. 
[0137] Furthermore, manufacturing process can be 
simplified and reduced because the number of parts or 
components necessary for assembling the ink cartridge 30 
according to the present invention is reduced. 

Claims 

1 . An ink cartridge (2) for a printing apparatus provid- 35 
ing ink to a print head (102) through a tapered ink 
supply needle (104) and removably attached to the 
print head (102), comprising: 

an ink chanter (4) for containing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
a flow of ink, said packing member (8) sealing 
the ink supply needle (104) of the printing 
apparatus by fitting therewith; and 
a valve device (10, 12, 64, 70 and 80) con- 
tained in said ink supply port (6) elastically 
abutting against said packing member (8), said 
valve device (10. 12, 64, 70 and 80) selectively 
opening and closing said ink channel in con- 
junction with the ink supply needle (104). 

2. An ink cartridge (2) for a printing apparatus provid- 
ing ink to a print head (102) through an ink supply 



needle (104) and removably attached to the print 
head (102), comprising: 

an ink charter (4) for containing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
a flow of ink. said packing member (8) sealing 
the ink supply needle (104) of the printing 
apparatus by fitting therewith; and 
a valve device (10, 12, 64, 70 and 80) con- 
tained in said ink supply port (6) elastically 
abutting against said packing member (8). said 
valve device (10, 12, 64, 70 and 80) selectively 
opening and closing said ink channel in con- 
junction with the ink supply needle (104), said 
valve device (10, 12, 64, 70 and 80) being 
urged by the ink supply needle (104) of the 
printing apparatus to open said ink channel at a 
same time when the ink supply needle (1 04) is 
sealed by said packing member (8). 

3. An ink cartridge (2) as set forth in claim 2, charac- 
terized in that said valve device (10, 12. 64, 70 and 
80) comes to close said ink channel of said packing 
member (8) before the ink supply needle (104) of 
the printing apparatus is completely detached from 
said packing member (8). 

4. An ink cartridge (2) for a printing apparatus provid- 
ing ink to a print head (102) through an ink supply 
needle (104) and removably attached to the print 
head (102), comprising: 

an ink chamber (4) for containing ink; 
a porous member (5) accommodated in said 
ink chamber (4) for absorbing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
a flow of ink, said packing member (8) sealing 
the ink supply needle (104) of the printing 
apparatus by fitting therewith; and 
a valve device (10, 12, 64, 70 and 80) con- 
tained in said ink supply port (6) elastically 
abutting against said packing member (8). said 
valve device (10. 12, 64. 70 and 80) selectively 
opening and closing said ink channel in con- 
junction with the ink supply needle (104). 

5. An ink cartridge (2) for a printing apparatus provid- 
ing ink to a print head (102) through an ink supply 
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needle (104) and removably attached to the print 
head (102). comprising: 

an ink chamber (4) for containing ink; 
an ink supply port (6) for supplying ink from s 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 10 
a flow of ink, said packing member (8) sealing 
the ink supply needle (104) of the printing 
apparatus by fitting therewith, said packing 
member (8) comprising a hole (32) and a pro- 
truding rim (34) surrounding said hole (32) ; is 
and 

a valve device (10, 12, 64, 70 and 80) con- 
tained in said ink supply port (6) elastically 
abutting against said packing member (8), said 
valve device (10, 12, 64, 70 and 80) selectively 20 
opening and closing said ink channel in con- 
junction with the ink supply needle (104). 

6. An ink cartridge (2) as set forth in claim 5, charac- 
terized in that said packing member (8) comprises a 25 
first surface facing said ink chamber (4) formed with 

a cylindrical recess (30) having a diameter accept- 
able to receive a part of said valve device (10, 70 
and 80) at said first surface. 

30 

7. An ink cartridge (2) asset forth in claim 6, character- 
ized in that said hole (32) of said packing member 
(8) having a diameter smaller than said diameter of 
said cylindrical recess (30) at said first surface. 

35 

8. An ink cartridge (2) for a printing apparatus provid- 
ing ink to a print head (102) through an ink supply 
needle (104) and removably attached to the print 
head (102), comprising: 

40 

an ink chamber (4) for containing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 45 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
a flow of ink, said packing member (8) sealing 
the ink supply needle (104) of the printing 
apparatus by fitting therewith; and so 
a valve device (10, 70 and 80) contained in said 
ink supply port (6) elastically abutting against 
said packing member (8), said valve device 
(10, 70 and 80) selectively opening and closing 
said ink channel in conjunction with the ink sup- ss 
ply needle (104), said valve device (10, 70 and 
80) comprising a valve body (40, 72 and 82) 
contacting with said packing member (8) and 



comprising a substantially flat surface with 
which the ink supply needle (104) contacts. 

9. An ink cartridge (2) for a printing apparatus provid- 
ing ink to a print head (102) through an ink supply 
needle (104) and removably attached to the print 
head (102), comprising: 

an ink chamber (4) for containing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
a flow of ink, said packing member (8) sealing 
. the ink supply needle (104) of the printing 
apparatus by fitting therewith; and 
a valve device (10) contained in said ink supply 
port (6) elastically abutting against said pack- 
ing member (8), said valve device (10) selec- 
tively opening and closing said ink channel in 
conjunction with the ink supply needle (104), 
said valve device (10) comprising: 
a valve body (40) contacting with said packing 
member (8) and urged by the ink supply needle 
(1 04) of the printing apparatus to open said ink 
channel when the ink cartridge (2) is mounted 
on the printing apparatus; and 
a guide body (42) for guiding said valve body 
(40) to slide substantially vertically with respect 
to said packing member (8). 

10. An ink cartridge (2) as set forth in one of claims 1 , 
2, 4 and 5, characterized in that said valve device 
(10, 12, 64 and 80) comprises: 

a valve member (10 and 82) selectively con- 
tacting with a surface of said packing member 
(8), said valve member (10 and 82) being 
forced by the ink supply needle (104) of the 
printing apparatus when the ink cartridge (2) is 
mounted on the printing apparatus; and 
an elastic member (12, 64 and 84) always urg- 
ing said valve member (10 and 82) toward said 
packing member (8). 

11. An ink cartridge (2) as set forth in claim 10, charac- 
terized in that said valve member (10) comprises a 
support structure (46) for supporting said elastic 
member (12 and 64). 

1 2. An ink cartridge (2) as set forth in claim 1 1 , charac- 
terized in that said support structure (46) is radially 
shaped. 

1 3. An ink cartridge (2) as set forth in claim 10, charac- 
terized in that said valve member (10) comprises a 
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flange for supporting said elastic member (12 and 
64). 

14. An ink cartridge (2) as set forth in claim 1 , charac- 
terized in that said packing member (8) comprises a s 
second surface facing said external opening (14) 
with a tapered portion (24, 26, 58 and 60) tapered 
from said external opening (14) toward said ink 
chamber (4) at said second surface, for guiding the 

ink supply needle (1 04) of the printing apparatus. io 

15. An ink cartridge (2) as set forth in claim 14, charac- 
terized in that said tapered portion (24, 26, 58 and 
60) fits with the ink supply needle (104). 

15 

16. An ink cartridge (2) as set forth in claim 1, charac- 
terized in that said packing member (8) comprises a 
second surface facing said external opening (14) 
with a fitting portion (28) to fit with the ink supply 
needle (104) of the printing apparatus. 20 

17. An ink cartridge (2) as set forth in claim 1, charac- 
terized in that said packing member (8) is made of 
an elastic material and provided with a lubricant 
coat at least at an area with which the ink supply 25 
needle (104) contacts. 

18. An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said valve body (40) comprises: 

30 

a sealing portion (44) for closing said ink chan- 
nel of said packing member (8) when said valve 
device (10) contacts with said packing member 
(8); and 

an ink channel allowing ink to pass there- 35 
through when said valve body (40) is urged to 
come out of contact with said packing member 
(8) by the ink supply needle (104) of the print- 
ing apparatus. 

19. An ink cartridge (2) as set forth in claim 18, charac- 
terized in that a part of said ink channel of said 
valve body (40) is formed by cutting off said sealing 
portion (44). 

20. An ink cartridge (2) as set forth in claim 18, charac- 
terized in that said sealing portion (44) of said valve 
body (40) comprises a substantially flat surface with 
which the ink supply needle (104) contacts. 

21 . An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said guide body comprises: 

an axial portion (50) being connected to said 
valve body (40); and 

a guide block (52) formed at an end of said 
axial portion (50) opposite to said valve body 
(40). said guide block (52) guiding said valve 



body (40) to slide substantially vertically with 
respect to said packing member (8). 

22. An ink cartridge (2) as set forth in claim 21 , charac- 
terized in that said axial portion (50) of said guide 
body (42) is formed as one unit with said valve body 
(40). 

23. An ink cartridge (2) as set forth in claim 21, further 
comprising a guide unit (38) provided in said ink 
supply port (6) to receive said guide block (52) of 
said guide body (42). 

24. An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said valve body (40) and said guide 
body (42) are separately formed and fixed to each 
other by fixing means. 

25. An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said valve body (40) and said guide 
body (42) are formed as one unit with each other. 

26. An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said guide body (42) is made of an 
elastic material. 

27. An ink cartridge (2) as set forth in claim 21 , charac- 
terized in that said guide body (42) is made of an 
elastic material and formed with a groove (62) 
extending from said guide block (52) through said 
axial portion (50). 

28. An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said valve body (40) of said valve 
device (10) comprises a surface facing said packing 
member (8) formed with a convex surface. 

29. An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said valve body (40) of said valve 
device (10) comprises a surface, facing said pack- 
ing member (8), formed with a protruding portion 
(45b) to contact with a tip end of the ink supply nee- 
dle (104). 

30. An ink cartridge (2) as set forth in claim 9, charac- 
terized in that said valve body (40) of said valve 
device (10) comprises a surface, facing said pack- 
ing member (8), provided with a notch (40c and 
40d). 

31. An ink cartridge (2) as set forth in claim 30, charac- 
terized in that said notch (40c) of said valve body 
(40) has a tapered angle which is the same as that 
of the tapered ink supply needle (104). 

32. An ink cartridge (2) as set forth in claim 30, charac- 
terized in that said notch (40d) of said valve body 
(40) has a tapered angle which is smaller than that 
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of the tapered ink supply needle (104). 

33. An ink cartridge (2) as set forth in one of claims 8 
and 9, characterized in that said valve body (40) of 
said valve device (10) comprises a surface formed 5 
with a spherical surface (45) contacting with said 
packing member (8). 

34. An ink cartridge (2) as set forth in claim 33. charac- 
terized in that said spherical surface (45) of said 10 
valve device (1 0) has a diameter of curvature larger 
than a diameter of a widest part of said valve body 
(40). 

35. An ink cartridge (2) as set forth in claim 8, charac- 15 
terized in that said packing member (8) comprises a 
first surface facing said ink chamber (4) with a pro- 
truding portion (8a) having a hole (18a) whose 
diameter is smaller than the diameter of the ink sup- 
ply needle (104) of the printing apparatus. so 

36. An ink cartridge (2) as set forth in one of claims 8 
and 1 1 , characterized in that said spherical surface 
(45) of said valve device (10) is formed with a flat 
portion (45c) with which the ink supply needle (104) 25 
contacts. 

37. An ink cartridge (2) as set forth in claim 1, 2, 4 and 
5, characterized in that said valve device (70) com- 
prises: 30 

a valve body (72) contacting with said packing 
member (8) and urged by the ink supply needle 
(104) of the printing apparatus to open said ink 
channel when the ink cartridge (2) is mounted 35 
on the printing apparatus; and 
an elastic. support portion (74) for supporting 
said valve body (72). 

38. An ink cartridge (2) as set forth in claim 1 , 2, 4, 5, 8 40 
and 9, further comprising a packing retainer (56 
and 14a) for retaining said packing member (8) at 
said external opening (14) of said ink supply port 
(6). 

45 

39. An ink cartridge (2) as set forth in claim 38, charac- 
terized in that said packing retainer (56) comprises 
a film capable of being penetrated by the ink supply 
needle (104) of the printing apparatus. 

so 

40. An ink cartridge (2) as set forth in claim 39, charac- 
terized in that said film (56) is formed with a hole 
(56a) which enables the ink supply needle (104) to 
easily pass through. 

55 

41. An ink cartridge (2) as set forth in claim 40, charac- 
terized in that said hole (56b) is formed by cutting 
said film (56) in a cross shape. 



30 

42. An ink cartridge (2) as set forth in claim 38, charac- 
terized in that said packing retainer (14a) is a pro- 
truding portion protruding from said external 
opening (14) toward the center thereof. 

43. An ink cartridge (2) as set forth in claim 16, charac- 
terized in that said fitting portion (28) comprises a 
first fitting position (28a) for fitting the ink supply 
needle (104) of the printing apparatus when the ink 
supply needle (104) is inserted from said external 
opening (14), and a second fitting position (28b) for 
fitting the ink supply needle (104) when the ink sup- 
ply needle (104) is further inserted toward said ink 
chamber (4). 

44. An ink cartridge (2) as set forth in claim 43, charac- 
terized in that said first fitting position (28a) is ini- 
tially sealed prior to use. 

45. An ink supply system for a printing apparatus pro- 
viding ink to a print head (102) through a tapered 
ink supply needle (104), said ink supply system 
capable of providing ink contained in a ink chamber 
(4) to the print head (102) through the ink supply 
needle (104), comprising: 

an ink channel for providing ink from said ink 
chamber (4) to the print head (102) of the print- 
ing apparatus; 

a first member (8) provided at said ink channel, 
forming a part of said ink channel for allowing a 
flow of ink, said first member (8) sealing the ink 
supply needle (104) of the ink printing appara- 
tus by fitting therewith; and 
a second member (10. 12, 64, 70 and 80) con- 
tained in said ink channel elastically abutting 
against said first member (8), said second 
member (10, 12, 64, 70 and 80) selectively 
opening and closing said ink channel in con- 
junction with the ink supply needle (104). 

46. A printing apparatus for ejecting ink on a printing 
medium, comprising: 

a print head (102); 

a tapered ink supply needle (104); and 
an ink cartridge (2) capable of communicating 
with said print head (102) through said tapered 
ink supply needle (104) and removably 
attached to said print head (102), 
said ink cartridge (2) comprising: 
an ink chamber (4) for containing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
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a flow of ink, said packing member (8) sealing 
the ink supply needle (104) of the printing 
apparatus by fitting therewith; and 
a valve device (10, 12, 64, 70 and 80) con- 
tained in said ink supply port (6) elastically 
abutting against said packing member (8), said 
valve device (10, 12, 64, 70 and 80) selectively 
opening and closing said ink channel in con- 
junction with the ink supply needle (104). 

47. A printing apparatus as set forth in claim 46, char- 
acterized in that said valve device (10, 12, 64, 70 
and 80) comprises: 

a valve member (10 and 82) selectively con- 
tacting with a surface of said packing member 
(8), said valve member (10 and 82) being 
forced by said ink supply needle (104) of the 
printing apparatus when said ink cartridge (2) 
is mounted on the printing apparatus; and 
an elastic member (12, 64 and 84) always urg- 
ing said valve member (10 and 82) toward said 
packing member (8). 

48. A printing apparatus for ejecting ink on a printing 
medium, comprising: 

a print head (102); 
an ink supply needle (104); and 
an ink cartridge (2) capable of communicating 
with said print head (102) through said tapered 
ink supply needle (1 04) and removably 
attached to said print head (102), 
said ink cartridge (2) comprising: 
an ink chamber (4) for containing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print bead (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
a flow of ink, said packing member (8) sealing 
the ink supply needle (104) of the printing 
apparatus by fitting therewith; and 
a valve device (1 0, 70 and 80) contained in said 
ink supply port (6) elastically abutting against 
said packing member (8), said valve device 
(10, 70 and 80) selectively opening and closing 
said ink channel in conjunction with the ink sup- 
ply needle (104), said valve device (10, 70 and 
80) comprising a valve body (40) contacting 
with said packing member (8) and comprising a 
substantially flat surface with which the ink sup- 
ply needle (104) contacts. 

49. A printing apparatus for ejecting ink on a printing 
medium, comprising: 
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a print head (102); 
an ink supply needle (104); and 
an ink cartridge (2) capable of communicating 
with said print head (102) through said tapered 
ink supply needle (104) and removably 
attached to said print head (102), 
said ink cartridge (2) comprising: 
an ink chamber (4) for containing ink; 
an ink supply port (6) for supplying ink from 
said ink chamber (4) to the print head (102) of 
the printing apparatus, said ink supply port (6) 
comprising an external opening (14); 
a packing member (8) provided in said ink sup- 
ply port (6), forming an ink channel for allowing 
a flow of ink, said packing meter (8) sealing the 
ink supply needle (104) of the printing appara- 
tus by fitting therewith; and 
a valve device (10) contained in said ink supply 
port (6) elastically abutting against said pack- 
ing member (8), said valve device (10) selec- 
tively opening and closing said ink channel in 
conjunction with the ink supply needle (104), 
said valve device (10) comprising: 
a valve body (40) contacting with said packing 
member (8) and urged by the ink supply needle 
(104) of the printing apparatus to open said ink 
channel when the ink cartridge (2) is mounted 
on the printing apparatus; and 
a guide body (42) for guiding said valve body 
(40) to slide substantially vertically with respect 
to said packing member (8). 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 8 
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Fig. 13 (A) 
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Fig. 16 (A) 
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